
New Paradigms for Remote Sensing and
Monitoring of Microbial Ecosystems

Boulder CO January 9-10, 2008

Organizers:
Michael Mumma (Goddard)
Norman Pace (University of Colorado)
Mitchell Sogin (Marine Biological Laboratory)

Goal:
Explore experimental paradigms for the use of remote
sensing of biosignatures to detect activities of microbial
communities.



Current remote sensing technology for microbes:

Operates at 0.3 to 4 microns

Chlorophylls and other bacterial pigments

      (Unambiguous signals with low information content)

Must expand the range of targets with greater information content

 Establish a dialogue between remote sensing community

          and

  Microbial Ecologists and Biogeochemists.



January 9th 
8:45-9:00 Introductions 
9:00-9:15 Workshop objectives Mitchell Sogin

NAI Perspective Carl Pilcher
9:15-9:45 Microbial Diversity and Population Structures Norman Pace
9:45-10:15 Microbial Biosignatures Tom Schmidt 

Dave Des Marais
10:15-10:45 Break
10:45-11:15 Remote Sensing – Instrumental Capability Mike Mumma 
11:15-11:45 Rio Tinto: a case study of detecting signatures

by remote sensing Jack Mustard
12:00-1:00  Lunch - 
1:00-5:00 ad hoc presentations

Jim Abshire
Kevin Hand
Tori Hoehler
Dennis Reuter
Matthew Wallenstein

January 10th

8:00-8:30 Breakfast – Bugaboo A
8:30-9:00 Summary of First day discussions Mumma, Pace, Sogin
9:00-11:30 Experimental approaches Group discussion
11:30-12:00 Lunch
12:00 Departure.



Organism





Jeff Walker



Steve Giovannoni



Number of microbial cells in the oceans is astronomical !!!10,000,000,000,000,000,000,000,000,000 
Microbial Cells in the Oceans

Jed Furhman





You are here -->



1987
12 divisions: 12 cultured/
 0 candidate 

36 divisions: 24 cultured/ 
12 candidate 

1997

N.R. Pace

2003
53 divisions: 26 cultured/ 
27 candidate 

Cultured
Uncultured 

~100 divisions: 30 cultured/
 ~70 candidate 

2007

Molecular Microbial Diverity



What chemistry are they doing out there in the
natural world?

I.e., What to try to remotely sense?

A potential study site that can be
“ground truthed:” The Guerrero
Negro hypersaline mat.



Exportadora de Sal
Guerrero Negro
Baja California Sur, Mexico



A microbial ecosystem
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Expected from microscopy

Detected by rRNA



Microbial Diversity and Trace Gases 
Tom   Schmidt

Michigan State University



Kellogg Biological Station LTER

Robertson et al. (2000) Science 289:1922
Robertson et al. (2000)
    Science 289:1922
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LTER Network
http://www.lternet.edu

Tom Schmidt

tschmidt@msu.edu



Remote Sensing of Trace Gases

The Problem

(& Several Solutions)

Michael J. Mumma

9 January 2008

Boulder, CO



Optical Transmission of Earth’s Atmosphere

Energy, cm-1
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P2R0R1R2 P4

ν3Simulated spectrum of Mars methane ν3

Simulated terrestrial extinction               

Mars spectrum affected by terrestrial extinction



IR Hyperspectral Imager

Moderate spectral resolution (λ/δλ ~ 80 and higher)

Spectrally complete

1024x1024 pixels



Science Applications of
Hyperspectral Imager

• Atmosphere
– Clouds/Aerosols

• Fraction, Height, Reflectance
– Major Constituents

• CH4, H2O, CO2
– Trace Species

• Industrial Effluent

• Land Surface
– Vegetation

• Type, Extent, Health
– Fires and Thermal Activity
– Localized Chemical Sources
– Geology/Prospecting
– Snow Age/Particle Size

• Water Surface
– Ocean Currents, Ice Melting
– Localized Chemical Sources



Hyperspectral Imaging can Differentiate Among
Different Surface Vegetation Canopies

Soil

Corn

Rice

Soy

Spectral Signatures



Jack Mustard

Coastal zone, salt ponds, and their
microbial diversity provide
opportunities

Observations of water optical
properties with field, airborne, and
satellite hyperspectral  systems can
characterize chl a, colored dissolved
organic matter, suspended
sediment, bottom properties, and
fluorescence

Fluorescence is a measure of
phytoplankton activity and perhaps
a measure of health

Tie in with long term, coarse
resolution records to examine
trends
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Estuarine Remote Sensing: Optical Properties



Constituent Retrievals
• Water Vapor

– 0.93 to 2.7 µm band daytime retrievals
– 5 µm near surface diurnal

• 3.3 µm: CH4 band retrievals
• 3 to 3.5 µm: Trace Hydrocarbons and Other Organics
• 4 to 5 µm: Carbonates, Sulfur Compounds



Laser absorption spectroscopy

Ultra high spectral resolution (λ/δλ ~ 1,000,000)

Spectrally targeted

Swept or pulsed











What measurements are needed?

What search space must be covered?

Species

Wavelength range

Spatial resolution

Temporal coverage

Diurnal extent

Etc.














